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Intracellular delivery of genetic materials (i.e., plasmid DNA, siRNA or oligonucleotides) and various cancer 
therapeutics (e.g., doxorubicin) have become one of the most pursued areas to treat various complex diseases 
that have been considered incurable until now. Gene therapy could be performed by supplementing the aberrant 
gene with a functional one or by the delivery of a suicide gene or via transfer of genes for the synthesis of new 
therapeutic proteins. Over the last few decades, many research groups have exploited different strategies to 
deliver the genetic materials or proteins in vitro as well as in vivo. Intracellular delivery vehicles can be broadly 
classified into two groups such as viral and nonviral vectors. Among the viral vectors adenovirus, 
adeno-associated virus (AAV), retrovirus are the most commonly used viruses for delivery of genetic materials 
to different type of cancer cells. Viral vectors have several limitations like excessive immune response, 
insertional mutagenesis, limited loading capacity, broad tropism, germ cell altercations, inherent difficulties in 
pharmaceutical processing and scale-up, and the possibility of the reversion of an engineered virus to the wild 
type. Despite their easy entry into susceptible cells due to the presence of a protein envelope on their surface 
that helps them to bind to the surface molecules (e.g., heparin sulfate) and receptors of the target cells, viral 
vectors are not safe to use clinically.   
By contrast, nonviral vectors are less toxic, cost effective and can be used for targeted delivery to specific cells. 
Furthermore, nonviral vectors have several other advantages such as lack of specific immune response, ability 
to deliver large pieces of DNA, ease of handling and preparation techniques, and well defined physical and 
chemical compositions. Important nonviral vectors such as liposomes, micelles, dendrimers, cationic polymers, 
polypeptides, gold nanoparticles, iron oxide nanoparticles, modified silica nanoparticles, and electroporation 
(i.e., physical method) have been exploited to deliver genetic materials to various cell lines. However, the 
Achilles‟ heel of these nonviral vectors is their relatively low transfection efficiency and short duration of gene 
expression. Therefore, researchers have been focusing on the design and synthesis of new biomaterials with 
high transfection efficiency that can be comparable with the viral vectors. Among all the nonviral vectors, 
liposomes have the potential to be used as an alternative intracellular gene delivery vehicle due to their 
structural analog with the cell membrane lipid that results in the excellent biodegradability and very low 
associated cytotoxicity. Amino acid-based liposomes are usually comprised of an amino acid (e.g., lysine and 
arginine) as the head group, a spacer, a linker (i.e., glutamate), and fatty acid chains. The cationic amino acid 
head group is hydrophilic in nature and interacts with the negatively charged plasmid DNA as well as the 
anionic cell membrane surface. The spacer could be a hydrocarbon chain or a hydrophilic oxyethylene moiety 
present between the cationic head group and the hydrophobic tails. The main role of the spacer is to maintain 
the balance between the hydrophilic and the hydrophobic part of the liposomes. The carboxyl groups of the 
glutamic acid linker form ester bonds with the fatty acid chains that constitute the hydrophobic part of the 
cationic liposomes.    
Moreover, intracellular delivery of exogenous proteins is an emerging topic in biological and biomedical 
research to regulate cellular functions and to track the intracellular distribution and behavior of desirable 
proteins. For example, the labeling of cytoskeletal protein actin in living cells offers great potentials for 
understanding the dynamics of various intracellular processes. Intracellular protein delivery can also be a 
potential alternative to gene therapy.  
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In this thesis, the development of amino acid-based cationic liposomes that can be used for gene delivery as 
well as protein delivery has been described.   
Chapter 1 describes the molecular assembly of amphiphilic molecules such as liposomes and their 
physicochemical properties and applications in terms of gene delivery and drug delivery. The molecular 
assembly is influenced by the nature of the hydrophilic head group, type and length of the spacer between the 
head group and hydrophobic tail, linker that conjugates the hydrophobic tails, and the properties of the 
hydrophobic moieties.    
In Chapter 2, investigations of the influence of counterions and hydrocarbon chain spacers on the 
physicochemical properties of lysine-based cationic assemblies have been described. The plasmid DNA 
delivery efficiency and cytotoxicity of the amphiphiles such as lysine-based cationic assemblies have also been 
evaluated in the COS-7 cell line and compared with that of the commercially available gene delivery reagent 
Lipofectamine
TM 
2000. Lysine-based cationic lipids with different ionization states (i.e., -NH2, -NH3
+
Cl
- 
or 
-NH3
+
TFA
-
) in the lysine head group and different hydrocarbon chain spacers (i.e., 0, 3, 5 or 7 carbon atoms) 
between the hydrophilic head group and hydrophobic moieties have been synthesized. The physicochemical 
properties of all the cationic assemblies were determined in terms of size, morphology, surface charge and phase 
transition temperature. Cationic assemblies with -NH3
+
Cl
- 
form
 
as the ionization state of the head group and 
3-hydrocarbon chain spacer form a micellar structure (i.e., 20 nm particle size and no phase transition 
temperature) when compared to -NH2 and -NH3
+
TFA
-
 form ionization states that form vesicular structures. The 
smaller size of -NH3
+
Cl
-
 containing cationic assembles is due to the higher hydrophilicity of -NH3
+
Cl
-
 when 
compared to -NH2 and -NH3
+
TFA
-
. Because the bigger the hydrophilic moiety, the larger the volume of the 
hydrophilic part that readily forms a micellar structure. Furthermore, the cationic assemblies with -NH3
+
TFA
- 
form in the lysine head group showed the lowest phase transition temperature. The surface charge of the 
cationic assemblies having -NH3
+
TFA
- 
in the hydrophilic head group was the highest followed by -NH3
+
Cl
- 
and 
-NH2 irrespective of their hydrocarbon chain spacer length. The cationic assemblies prepared from lysine-based 
lipids with no spacer have a tendency to aggregate due to the lack of a proper balance between the hydrophilic 
and hydrophobic moieties. The cationic assemblies prepared from 7-hydrocarbon chain spacer containing lipids 
form either tube-like or rod-like structures rather than vesicular structures. Moreover, the highest gene delivery 
efficiency was observed for cationic assemblies having -NH3
+
TFA
- 
form
 
in the lysine head group, 
3-hydrocarbon chain spacer, and 14-carbon atoms in both the alkyl chains of the hydrophobic moieties. The 
gene delivery efficiency was 4-fold and 9-fold greater than Lipofectamine
TM 
2000 in the absence and presence 
of serum, respectively. The gene delivery efficiency in relation to the ionization states of the hydrophilic head 
group was as follows: -NH3
+
TFA
- 
> -NH3
+
Cl
-
 > -NH2. Furthermore, the cytotoxicity of the lysine-based cationic 
assemblies was significantly lower when compared to that Lipofectamine
TM
 2000. Almost all the cells were 
dead at 400 µg/mL of Lipofectamine
TM 
2000. By contrast, more than 50 % cells were viable at 1000 µg/mL of 
the lysine-based cationic assemblies. The significantly lower cytotoxicity of our amino acid-based cationic 
assemblies can be attributed to amino acid analog and higher biodegradability post transfection.  
Chapter 3 describes the influence of cationic amino acid head group in the transfection efficiency of amino 
acid-based cationic liposomes. The synthesis of two synthetic lipids with arginine as the cationic head group  
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having either -NH3
+
TFA
- 
or -NH3
+
Cl
- 
as the
 
ionization states, 3-hydrocarbon chain spacer between the arginine  
head group and the hydrophobic moiety having 14-carbon atoms in both the alkyl chains have also been 
described. The plasmid DNA delivery efficiency of the arginine-based cationic liposomes has been evaluated in 
the neuronal cell lines (i.e., SH-SY5Y and PC-12 cells) as well as in the HeLa cell line and compared with that 
of the lysine-based cationic assemblies and Lipofectamine
TM 
2000. The transfection experiment was performed 
both in the presence (10 % FBS) and in the absence of serum. When lipoplexes were prepared from the cationic 
liposomes and pDNA in the absence of serum, large aggregates of cationic liposomes with anionic pDNA were 
found. However, the lipoplexes prepared in the presence serum showed uniform particle size and negative zeta 
potential. The negative zeta potential of the lipoplexes was due to the adsorption of the negative serum proteins 
with the positively charged lipoplexes. Furthermore, the uniform size of the lipoplexes in the presence of serum 
was due to the increased electrostatic repulsions among the negatively charged lipoplexes. Arginine-based 
cationic liposomes with -NH3
+
TFA
-
 showed the highest transfection efficiency in SH-SY5Y and HeLa cells 
regardless of the presence of serum with very low associated cytotoxicity. However, arginine-based cationic 
liposomes with -NH3
+
Cl
- 
showed the highest transfection efficiency in PC-12 cells. Furthermore, the gene 
delivery efficiency in relation to the cationic head groups was as follows: arginine ≥ lysine. Taken together, the 
transfection efficiency of the amino acid-based cationic assemblies is influenced by the hydrophilic head group 
amino acid as well as their ionization states. The transfection efficiency of amino acid-based cationic assemblies 
is greater than that of the commercially available Lipofectamine
TM 
2000 and it varies from cell to cell line. The 
cytotoxicity is also comparatively very low because of the presence of ester bond, amino acid analogs and rapid 
biodegradability post transfection.   
In Chapter 4, the application of lysine-based cationic liposomes as intracellular protein delivery nanoparticles 
has been described. The cell uptake mechanism of liposome-protein complexes has also been deciphered. 
FITC-BSA (bovine serum albumin) and alexa fluor ® 594 phalloidin were used as model proteins to deliver 
into the human ovarian cancer cells, HeLa. Cationic liposomes were mixed with both the FITC-BSA and alexa 
fluor ® 594 phalloidin separately to make liposome-FITC-BSA and liposome- alexa fluor ® 594 phalloidin 
complexes, respectively, and almost 100 % of the complexes were taken up by cells at 37 ̊C. To confirm the cell 
uptake mechanism, lysosomes were stained with lysotracker red and green and overlays (yellow dots) were 
observed using Confocal Laser Scanning Microscopy (CLSM). Therefore, the cell uptake mechanism of 
liposome-protein complexes follows endocytic pathways and it is not simple membrane fusion between the 
liposomal membrane and the cell membrane. 
Chapter 5 contains the summary of the thesis and introduces the future applications of the amino acid-based 
cationic liposomes such the suppression of specific candidate gene using siRNA, delivery of proteins to treat 
various lysosomal enzyme deficient disorders and so on. 
In conclusion, the thesis demonstrates the influence of the ionization states of the cationic head group of amino 
acid-based lipids on the physicochemical properties and gene delivery efficiency of cationic liposomes. 
Furthermore, cationic liposomes with arginine as the head group have better gene delivery efficiency when 
compared to their lysine counterpart. The potential of protein delivery using amino acid-based cationic 
liposomes is another important finding of the thesis.  
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